Petroleum oil contains a large number of poly cyclic hydrocarbons (PAH's) that are toxic to living beings. The complete degradation of petroleum oil required a population of microorganisms in the soil. In the present investigation petroleum oil contaminated soil samples were incubated with four bacterial strains (Mycobacterium sp., Pseudomonas aeruginosa, Alcaligenes faecalis and Enterobacter cloacae) to study the bioremediation efficacy. The soil samples were analyzed for soil reaction (pH), soil moisture content, soil organic carbon (SOC), available phosphorus (P), total petroleum hydrocarbon content (TPH), total bacterial count (TBC) and total petroleum degrading bacteria at the interval of 0 days (initial), 2 weeks, 4 weeks, 6 weeks and 8 weeks prior and after treatment by bacteria. Values obtained reveals that there was a clear modulating effect of bacteria on above determinations. Maximum decrements in TPH (86%), soil pH (18.2%) and SOC (40%) were recorded in Pseudomonas aeruginosa inoculated samples..
INTRODUCTION
The world depends on petroleum oil. Vast amount is used, transported, processed and stored around the world. In 2016, the total world consumption of petroleum is over 98.21 million barrels per day (US Energy Information Administration, 2017). India is the World's 23rd largest producer of crude oil (36.942 MMT in 2015-16) . The total number of refineries is 21 and has second rank after China in Asia and in 2016-17 total refining capacity is 230.066 MMTPA (Ministry of Petroleum and Natural Gas, 2017). With such a high consumption, oil spills are inevitable. Environmental pollution with petroleum and petrochemical products (diesel, petrol, kerosene etc.) has been recognized as one of the most important serious current problem (Lu et al., 2015; Pant et al., 2016; Cachada et al., 2018) . Since the introduction of oil exploration, the environment has been heavily contaminated with hydrocarbon pollutants, which enters in the environment through several routes. Exxon Valdez, known as the most notable oil spills at sea which spilled thousands of tones oil (Paine et. al., 1996; Albaiges et. al., 2006) . These oil spills can cause severe damage to sea and shoreline organisms (Whitfield, 2003) . Other most responsible for the contamination of soil and water are service stations, garages, scrap yards, waste treatment plants, sawmills, wood impregnation plants etc. Mechanic workshops generating thousand million gallons of waste engine oil annually and discharged carelessly into the environment (Adegodroye, 1997; Faboya, 1997) , out of which only one liter is enough to contaminate one million gallons of freshwater (USEPA, 1996) . Thereafter, several researches have been examined the fate of petroleum in various ecosystem (Boehm et al., 1995; Whittaker et al., 1999) . These petroleum pollutants in the terrestrial and aquatic environments cause public health and socio-economic hazards ( The release of oil into the environment causes environmental anxiety and attracts the public awareness (Roling et al., 2002) . Accidentally or deliberately releasing of oil into the environment, leads serious pollution problems (Thousand et al., 1999). Even small release of petroleum oil into aquifers can lead to concentrations of dissolved hydrocarbons far in excess of regulatory limits (Spence et al., 2005) . Huge disturbances of both the biotic and abiotic components of the ecosystem are created by such these pollutants (Mueller et al., 1992) and carcinogenicity, immunotoxicity and neurotoxicity has proved by the some of these hydrocarbons (Hallier-Soulier et al., 1999; Das and Chandran, 2011). Microbial biodegradation of pollutants has intensified in recent years as human strives to find sustainable ways to clean up contaminated environments (Diaz, 2008) . Biodegradation of petroleum hydrocarbons by natural populations of microorganisms (bacteria, fungi algae etc.) represent one of the primary mechanism by which petroleum and other hydrocarbon pollutants are eliminated from the environment. The effects of environmental parameters viz.-temperature, pH, concentration of hydrocarbon, bioavailability etc. on microbial degradation of hydrocarbons, the elucidation of metabolic pathways, genetic basis for hydrocarbon dissimilation by microorganisms and the effects of hydrocarbon contamination on microbial communities have been the areas of intense interest and the subjects of several reviews (Atlas, 1981; 1994) . If there is no contamination in the area, the percentage of hydrocarbon degraders of all the microbial strain in the soil or water is quite low (<1%), but after an oil spill, their level may increase 1000 fold (Atlas, 1981; Prince, 2005) . These microorganisms can degrade a wide range of target constituents present in oily sludge (Eriksson et Biodegradation of oil contaminated soils (which exploits the ability of microorganisms to degrade and/or detoxify organic contamination) has been established as one efficient, economic, versatile and environmentally sound treatment (Margesin and Schinner, 1997 (Peng et al., 2018) , Bacillus salmalaya strain 139SI (Dadrasnia et. al., 2016) have been reported in the literature for hydrocarbon degradation. In the present study, four bacterial strains namely Mycobacterium sp., Pseudomonas aeruginosa, Entrobacter cloacae and Alcaligenes faecalis were studied for bioremediation of petroleum contaminated site.
MATERIALS AND METHODS

Sample collection and preparation
Sub surface oil contaminated soil samples were collected after removal of surface litter to a depth of about 5 cm in an approximately 2 m 2 area from automobile workshops and near petrol pump stations of Mussorrie, India. These sites have a history of oil contamination of over 30 years. Soil samples were processed immediately upon arrival at laboratory. Dried sludge was passed through a 2 mm sieve and stored at 10ºC for physico-chemical and microbiological characterization. These soil samples were analyzed by soil reaction (pH) (ISO 10390. 1994), soil moisture content (ISO 11465. 1993), soil organic carbon (SOC) (ISO 10694. 1995), available phosphorus (P) (Olsen and Cole, 1954) , total petroleum hydrocarbon content (TPH), total bacterial count (TBC) and total petroleum degrading bacteria prior (0 days) and after 2 weeks, 4 weeks, 6 weeks and 8 weeks with bacterial strains of Mycobacterium sp., Pseudomonas aeruginosa, Alcaligenes faecalis and Enterobacter cloacae.
Enumeration of total bacterial count (TBC)
The mean total aerobic bacteria present in the samples at the beginning of the experiment (day 0) and at weekly intervals for each of the treatment options were estimated using spread plate method with nutrient agar as medium. A ten-fold dilution using physiological saline was prepared and 0.1 ml of appropriate dilution was plated in duplicates and incubated for 18-24 h at 37°C temperature after which the colonies were counted.
Enumeration of total petroleum degrading bacteria
Aliquots (0.1 ml) of appropriate dilutions of soil samples were plated on to modified mineral salts medium containing the following in g.L -1 : NaCl, 10.0; MgSO4. 7H2O, 0.42; KCl, 0.29; KH2PO4, 0.53; NH4NO4, 0.42; agar, 15.0 and distilled water (Mills et al., 1978) . The vapor phase transfer technique (Okpokwasili, 1988) was adopted, which employs the use of sterile filter paper soaked in crude oil, which served as the carbon and energy source. The soaked sterile filter papers were then aseptically placed onto covers of the inoculated inverted plates and incubated for 5 to 7 days at 37°C temperature. Average mean counts of colonies from duplicate plates were recorded and used for the calculation of colony forming units per gram (cfu/g) of soil.
Measurement of crude oil utilization
Residual crude oil was extracted from the soil samples using a modified method of Abu and Ogiji, 1996. Quantitative determination of the crude oil extracts was carried out as described by Udeme and Antai, 1988. A standard curve of absorbance (A520 nm) against varying concentrations of engine oil (1 to 5%) in chloroform was drawn after taking readings from a Thermo Fischer scientific UV/VS spectrophotometer. The hydrocarbon concentrations were calculated from the standard curve after multiplying by the appropriate dilution factor.
RESULTS AND DISCUSSION
The contaminated soil samples were incubated with various strains of bacteria to study the bioremediation efficacy. The soil samples prior and after incubation were analyzed for soil reaction (pH), soil moisture content, soil organic carbon (SOC), available phosphorus (P), total petroleum hydrocarbon content (TPH), total bacterial count (TBC) and total petroleum degrading bacteria. Gradual changes in pH, soil moisture content, SOC, available P, TPH, TBC and total petroleum degrading bacteria in soil samples at different time intervals recorded. Table 1 represents the soil composition, physico-chemical properties and microbiological analysis of petroleum contaminated soil samples at 0 days. It indicates high TPH and SOC in soil samples. Total bacterial count (TBC) and total petroleum degrading bacteria were close to 10 7 cells per gram dry soil and marginal difference was recorded between total bacterial count and total petroleum degrading bacteria.
A considerable decrement in soil pH value was recorded in all the treated soil samples after 8 weeks of incubation period. The maximum decline in pH was recorded in soil samples inoculated with bacterial strain of Pseudomonas aeruginosa (figure1). This decrement may be attributed to CO2 evolution as a result of microbial respiration and other enzymatic reactions. Similar reports have been put forward by Daylan et al., 1990. pH values major parameter to be taken in the account during major industrial bioremediation practices like land farming (USEPA, 2006) . Besides neutral, pH 6-8 has also been reported to be acceptable (USEPA, 2006). High pH values have been reported to be inhibitory to the majority of the microbial degradation processes. The optimal biodegradation activity at pH 7.4 and a considerable inhibition at pH 8. Value represent mean ± SEM (n=3).
Figure 1 Soil reaction (pH) in soil sample inoculated with different strains of hydrocarbon degrading bacteria
Variable soil moisture content was recorded in soil samples after 8-weeks incubation which was relatively higher in treated soil samples. In the present investigation, during remediation moisture content was dropped in control due to soil drying and evaporation of water. As the soil samples remediate through the introduction of microbes, moisture content was increased. The maximum moisture content was found in bacterial strain Pseudomonas aeruginosa inoculated soil sample where it was least in soil sample incubated with bacterial strain Alcaligenes faecalis. This might be due to the reduction of hydrophobic component of oil (Ghulam et al., 2008) . A significant reduction in soil organic carbon (SOC) content was recorded in soil samples inoculated with different bacterial strains. These data indicate that the organic carbon reduced with the time due to consumption of carbon. The maximum reduction was observed in soil samples inoculated with bacterial strain Pseudomonas aeruginosa (figure 2).
Figure 2 Soil organic carbon (SOC) in soil samples inoculated with different strains of hydrocarbon degrading bacteria
During biodegradations unlike organic carbon the available phosphorus (P) levels were also modulated during the bioremediation (figure 3). The available P increased from considerably during soil remediation. This increment in available phosphorous can be attributed to solubilization of soil phosphorus through microbial reactions. The increased partial pressure of CO2 generated from microbial respiration and other biological activities may be an important factor for solubilization of phosphorous. Therefore, increased level of available phosphorous was recorded. All the strains tested were capable to degrade total petroleum hydrocarbon (TPH). After eight weeks of incubation, the maximum TPH concentration was retained in soil samples inoculated with bacterial strain Alcaligenes faecalis. Data suggested that Enterobacter cloacae and Pseudomonas aeruginosa was most efficient and Alcaligenes faecalis was the slowest in the petroleum hydrocarbon degradation (figure 4). This was also paralleled by increment in number of total bacterial count (figure.5) and total petroleum degrading bacteria. percentage degradation recorded in the present investigation may be attributed to the pH and temperature conditions. In the present investigation, other soil sample inoculated with Enterobacter cloacae. This bacterium belongs to Enterobacteriaceae family and mainly regarded as inhabitant of animal gut (Diaz et al., 2001) . The ability of this group to degrade high molecular weight PAH compounds appear to be an unusual feature, as this phenomenon is associated with typical soil bacteria. However, few reports indicated the utilization of aromatic compounds by Enterobacter (Ijah, 1998 , 2000) . However, due to absence of the light during these experiments, photo-oxidation cannot explain the loss of TPH. In contrast, biodegradation and volatilization certainly played a predominant role in the fate of low molecular weight TPH. The high degree of degradation observed in unfertilized mesocosms can be explained on the basis of these physico-chemical processes (Park et al., 1990) . The alkane fraction of oil was degraded faster than the aromatic fraction. The degree of degradation of n-alkanes shorter chains was higher than the n-alkanes longer chains. This was independent to initial level of contamination. Present study suggests that these strains possess optimal growth capacity for removing of hydrocarbons under the experimental conditions. However, utilization of TPH seems to be under the control of inducible systems and obviously a variety of factors can affect the ability of these microbes to degrade hydrocarbons in natural environment.
